Abstract. This research was carried out on two experimental plots located in the Rymanów and Nawojowa forest districts. In the second and fifth year after planting, at three and six years of age respectively, survival and height of 25 beech progenies of selected seed stands were measured. Furthermore, we show the effect of beech origin and growth environment (significant 'provenance × block' and 'provenance × test plot' interactions). Beeches from both experimental plots differed significantly in growth and survival and this difference increased with tree age. The highest provenance heritability was obtained for the tree height after two years of growth in Rymanów. In Nawojowa, the heritability of beech survival reached zero after five years of growth. An evaluation of the stability of beech provenances (genotypes) in terms of survival and height under the habitat conditions of our experimental plots was done using the Finlay and Wilkinson method. The beech provenances of 469-Nawojowa and 452-Lesko (regional standard) were included as a stable basis for reference. A high degree of stability and high average values for the characteristics investigated indicate high progeny quality within these stands.
Introduction and study aims
The variability of individuals comprising the tree populations of forests is an essential condition for the effective selection of the most valuable provenances. It is the basis for the adaptability, stability and sustainability of forest ecosystems in the face of changing climates and environmental stress.
For a better understanding of the growth potential of specific populations of the most important forest species, we have been implementing 'A programme of testing the progeny of selected seed stands, high quality trees, seed plantations and seed stand planting stock' (Sabor et al. 2004 ) since 2004 in Poland. Knowledge of the breeding value of the progeny of each seed provenance, as well as an analysis of the interaction of adaptive traits to growing conditions is very important for proper forest management. Establishing plantations by using the offspring of the best seed sources growing in a particular region could provide progeny stands with good parameters of growth, quality and health. For each species in the testing programme, the area of Poland was divided into test regions of the seed base. The four test regions established for the European beech are presented in Figure 1 .
Poland's first test plantations of beech were established in 2006 in region III (south-west) and region IV (south-east). Currently, there are 28 test plantations where beech progeny of randomly chosen trees from selected seed stands and parent trees are being tested, and this number is steadily increasing.
This study presents the results of an assessment of the adaptive traits of survival and height in the second and fifth years of age of European beech progeny from selected seed stands. The study was conducted in the south-eastern region of beech testing in experimental plantations located in the Rymanów and Nawojowa Forest Districts.
Materials and methods
The first test stand in the Rymanów Forest District was established in Lipowiec Forest Range (subdivision 147Anp) on flat, uncultivated land, formerly used as a meadow. In terms of natural-forest regionalisation, this is the Low Beskid subregion of the Carpathian region. The second test plantation is in the Berest Forest Range (subdivision 152k) of the Nawojowa Forest District, also in the Carpathian region, in the Gorce and Beskid Sądecki subregion. The stand was established on an eastern facing slope in an area cleared of a deteriorating spruce stand. Both plots were fenced in 2005 and planted the following spring with the test material. (Sabor et al. 2004) Figure 2. Distribution of replication and provenance plots on the test area with offspring of the European beech, situated at Rymanów and Nawojowa forest districts; 362-522 -numbers of stands according to the Table 1 Tests are being conducted on the offspring of 25 selected seed stands growing on land managed by three regional State Forest Directorates: Kraków, Krosno and Radom. Table 1 presents the characteristics of the parent beech stands of the tested progeny.
One-year-old beech seedlings were planted using the container seedlings (1/0k), spaced at 1.5 × 1.1 m, with 100 trees in each provenance plot. The trees were planted in the centres of 60 × 60 cm holes. Due to the insufficient number of seedlings from the 460-Kańczuga and 463-Narol stands, their progeny was not tested in block 4 in Nawojowa. Figure 2 presents a schematic diagram of the two plantations showing the placement of the blocks (repetitions) and provenance plots. For both plantations, the regional standard is the progeny of stand number 452-Lesko, whereas the progeny of stands 457 and 458 (Rymanów Forest District) served as the local standard for Rymanów, and stands 467 and 469 (Nawojowa Forest District) were the local standard for the progeny in Nawojowa.
Survival and height of the beech seedlings were evaluated in the second and fifth year after planting in the test plantations, that is, in the third and sixth years of life. Each plantation was tested separately for the influence of provenance (genotype), block (repetitions), and the interaction of the two sources of variability. A multifactorial analysis of the data with the following formula was used:
where: y kjn -value of the observation of the kjn number, μ -overall average, B j -influence of block j, P k -influence of provenance k, PB kj -influence of interaction with provenance k and block j, E n(jk ) -error. The influence of plantation location was analysed using the same formula, substituting the effect of block (B j ) with the effect of location (L i ). The heritability of both survival and height was also calculated separately for each plantation. Due to the use of a mixed model (block -a random effect, provenance -a fixed effect), heritability was calculated using a formula based on the variance of components. The expected mean squares for the analysis of two-way interaction were taken from Żuk (1989) .
Provenance heritability was calculated by dividing the provenance variance component (σ 2 P ) by the provenance variance (V P ) (Giertych 1991) . After inserting the provenance variance into the general formula for heritability in the two--way analysis of variance, and dividing it by the k 3 factor of the provenance component, the model for provenance heritability (h 2 P ) assumes the following form:
where:
PB -variance component of the interaction, k 2 -average number of trees in a block and provenance, k 3 -average number of trees in the provenance.
The Pearson correlation coefficients (r) were calculated to determine the strength of the relationship of beech survival and height in specific years at both test plantations with the geographic coordinates and altitude of parent stands. Finlay and Wilkinson's (1963) method was used to assess the stability of beech provenances. It uses the regression coefficient b to describe the nature of the adaptation of the provenance in different years and growth environments. The value of coefficient b at a level of 1.0 indicates progeny with an average ability to adapt. A value of less than 1.0 indicates a stable provenance that adapts well in many environments, whereas if the value is greater than 1.0, the progeny is highly reactive and only able to adapt to very specific environmental conditions (Finlay, Wilkinson 1963; Giertych 1988) . The calculations were performed on average values, which were logarithmically transformed. The interpretation of the degree of adaptability of the studied beech provenances to growing conditions is illustrated in graphs, showing the relationship between the size of the regression coefficient b and the average value of the traits calculated separately for each provenance.
Results
The average survival of beech seedlings cultivated in Rymanów in the second year after planting was 90.2% and dropped to 63.6% over the next 3 years. In turn, the average survival rate in Nawojowa for the same period was high, at 94.6 and 92.4% for the second and fifth years after planting, respectively. The highest survival rates in Rymanów after 5 years of growth were found for beech originating from 469-Nawojowa, 451-Lutowiska and 452-Lesko. The lowest survival rates were found for the beech population from 362-Gromnik, 462-Leżajsk and 459-Strzyżów. The best progeny stands in Nawojowa were 467-Nawojowa, 455-Krasiczyn and 452-Lesko. The lowest survival rates at this plantation were found for beech from 440-Stary Sącz, 426-Łosie and 461-Leżajsk (Table 2) .
The average height of beech seedlings in Rymanów 2 years after planting was 46.4 cm, increasing to 66.1 cm (an increase of 42.5%) in the next 3 years. The average height of beech in the Nawojowa test plantation was significantly higher than in Rymanów, at 56.2 cm in the second year and 121.6 cm in the fifth year of growth (an increase of 116.4%). In Rymanów, the highest average height at 5 years after planting was found for beech originating from 451-Lutowiska, 452-Lesko and 455-Krasiczyn, while the lowest was found for 362-Gromnik, 462-Leżajsk and 442-Brzesko. In Nawojowa, the best height results were achieved by progeny from the selected seed stands of 469-Nawojowa, 453-Bircza and 522-Łagów, while worst results were from 440-Stary Sacz, 426-Łosie and the 441-and 456-Brzesko Krasiczyn (Table 2 ).
An assessment of the influence of provenance and block on the tested traits (survival, height) showed a statistically significant interaction of 'provenance × block' regardless of the location of the test plantation (Rymanów, Nawojowa) or year of measurement. In Rymanów, we also found a significant influence of block on the size of both analysed traits, which was sustained as the trees aged. However, provenance was significant only for the second year after planting, as it was not confirmed after 5 years. In contrast to Rymanów, the effect of progeny on the observed differences in height significantly increased between the second and fifth years of growth of the beech in the Nawojowa plantation (Table 3) .
We also found that test plantation location and the interaction of 'progeny × test plantation' also significantly influenced survival and height of the beech. The response of progeny to habitat conditions was varied. Provenance did not significantly affect the variance of the studied traits for both measurement periods (Table 4) .
The heritability of the analysed beech traits calculated for the test plantations and year of measurement varied. The heritability of survival after 2 and 5 years was high and at a similar level for both periods in Rymanów, but in Nawojowa, heritability of survival after 2 years was low and decreased to zero during the second measurement period, after 5 years of growth in the plantation. The heritability of height achieved the opposite result. The high heritability of this trait, comparable for both periods of measurement, was noted in Nawojowa, whereas in Rymanów, height heritability clearly decreased after 5 years of growth, amounting to 0.296 (Table 5) .
The correlation between the average value of each analysed trait for specific progeny and the geographical location and altitude of parent stand location was low and not statistically significant in the Nawojowa test plantation. However, in Rymanów, the correlation between altitude and survival, as well as altitude and average beech height in the fifth year after planting was positive and significant. A similar correlation was found for these traits and the latitude of the parent--stand location, except that it was negative (Table 6) .
The Finlay and Wilkinson method, used to evaluate the stability of the adaptive traits 5 years after planting, showed that the most stable beech in terms of survival was the progeny from the provenance of 469-Nawojowa (b = 0.47), 451-Lutowiska (0.53), and 457-Rymanów (0.69). Particularly noteworthy is the 469-Nawojowa provenance, which among all studied provenances, simultaneously achieved the highest value for the trait and a low value of coefficient b. On the other hand, height was a significantly stable trait for the provenances of 440-Stary Sącz (0.70), 426-Łosie (0.70), and 451-Lutowiska (0.71). In terms of both the regression coefficient b and average height, the best were found to be 469-Nawojowa and 452-Lesko. This latter population is the regional standard for the south-eastern test region. In the case of both provenances, but especially in the case of the regional standard, the values of the traits were high, while regression coefficient b was low, indicating stability and high adaptability. Both local standard provenances for Rymanów (457 and 458) had very stable, high survival values. The survival rates in both test plantations differed for provenances 362-Gromnik (b = 1.84), 462-Leżajsk (1.59), and 459-Strzyżów (1.40). In the case of the regression coefficient b for height, provenances 453-Bircza (1.28), 442-Brzesko (1.23), and 362-Gromnik (1.30) significantly exceeded the value of 1. The lowest level of stability was found for provenance 362-Gromnik, both in terms of survival and height (Figures 3-4) .
Discussion
The evaluation of the adaptive abilities of progeny from selected seed stands of European beech from the south-eastern test region found large differences in the analysed traits between the test plantations, as well as among specific provenances.
Average beech survival after 2 years of growth at the test plantations was similar; however, after 3 more years, the observed differences were greater. The survival rate in Rymanów was 63.6%, while in Nawojowa, it was 92.4%. Such a large variance may be related to the conditions prevailing at each site. The Nawojowa Forest District site was established in the forest, on a plot formed after the removal of a spruce stand, while the Rymanów Forest District site is on former agricultural land -a meadow, though unused for many years. The progeny from this site exhibited a greater effect of the genetic properties of particular provenances (significant effect of provenance) than in Nawojowa, where all of the progeny was assessed similarly after 5 years of growth (no significant differences). The best average survival rate regardless of test plantation or year of observation was found for the progeny of the 455-Krasiczyn tree stand, which was only slightly better than the regional standard (452-Lesko). The worst result of this trait was found for the progeny of stand 461-Leżajsk, which usually ranked at the bottom of the list. When both measurement periods for each plantation were analysed separately, we found that the best results were attained by 451-Lutowiska in the Rymanów test plantation and 467-Nawojowa at Nawojowa. The latter provenance was one of the best in terms of survival assessed in the second and fifth years of growth, regardless of conditions at the test plantations. The analysis of correlation showed no relationship between the plantations, which may result from differences in the adaptive response of specific populations to various environments.
Such a pattern of variability is confirmed by the results of Barzdajn (2006) at the Siemianice experimental plantation. The significance of the interaction 'provenance × test plantation' indicates that some of the provenances responded differently in each of the test plantations, and therefore, are characterised by low plasticity, understood as a comparative response of the same genotype growing in different environmental conditions. Barzdajn (2009) also reached a similar conclusion when analysing the progeny of beech seed stands from Złotoryja and Lądek Zdrój plantations in the south-western test region.
The large difference between the two plantations allowed us to assess the stability of genotypes using the Finlay-Wilkinson (1963) method. Analyses show that the most stable progeny after the first 5 years of growth were the beeches from 469-Nawojowa, which was further characterised by a very high average survival rate. The least stable provenance, and also the worst in terms of average value, was the progeny of stand 362-Gromnik. The progeny of stand 452-Lesko was very stable; therefore, the standard for the south-eastern region is one of the best stands of this species. According Barzdajn (2009) , who studied beech progeny, the standard for the south-western region is an average provenance.
Average height, as with survival, was very diverse. The difference between plantations was approximately 10 cm after 2 years and nearly 60 cm after 5 years since planting. In both cases, the results were better for the beech trees growing in the Nawojowa plantation. The reason for such a big difference may be the large disparity in the conditions at each plantation, as evidenced by the significant effect of the 'provenance × test plantation' interaction. Considering the average results of test plantation and period of measurement, it was found that the progeny of the 452-Lesko provenance (regional standard) achieved the best results of average height, only slightly better than the beeches from stand 459-Strzyżów. The worst height growth was found for the progeny of stand 462-Leżajsk. When analysing the plantations separately, the best provenance in Rymanów was 452-Lesko (the regional standard), while in Nawojowa, it was the 453-Bircza provenance. Large changes were observed in the provenance rankings of this trait between the two measurement periods (a difference of 3 years). The assessment of various beech provenances for growth could change after conducting successive studies planned at 10 years after planting in the test plantations.
Variations in the response of beech to growth conditions depending on location is shown in the studies of Sabor and Stanuch (2009) , who found that soil influenced the height of beech to at least the sixth year after planting. Similar relationships were found for beech in test plantations in the south-western region, where the height increment of most of 
